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LARGE CONDUCTANCE CALCIUM-ACTIVATED K CHANNEL OPENER 
5 BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to an excellent large conductance 
10 calcium-activated K channel opener, which is useful for 
treatment of disorders or diseases such as pollakiuria, 
urinary incontinence, cerebral infarction, subarachnoid 
hemorrhage, and the like. 

15 2. BACKGROUND ART 

Potassium is the most abundant intracelluar cation, and is 
very important in maintaining physiological homeostasis. 
Potassium channels are present in almost all vertebrate 
20 cells, and the potassium influx through these channels is 
indispensable for maintaining hyperpolarized resting 
membrane potential . 

Large conductance calcium activated potassium channels 
25 (also BK channels or maxi-K channels) are expressed 

especially in neurons and smooth muscle cells. Because 
both of the increase of intracellular calcium concentration 
and membrane depolarization can activate maxi-K channels, 
maxi-K channels have been thought to play a pivotal role in 
30 regulating voltage-dependent calcium influx. Increase in 
the intracellular calcium concentration mediates many 
processes such as release of neurotransmitters, contraction 
of smooth muscles, cell growth and death, and the like. 
Actually, the opening of maxi-K channels causes strong 
35 membrane hyperpolarization, and inhibits these calcium- 
induced responses thereby. Accordingly, by inhibiting 
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various depolarization-mediated physiological responses, a 
substance having an activity of opening maxi-K channels is 
expected to have potential for the treatment of diseases 
such as cerebral infarction, subarachnoid hemorrhage, 
5 pollakiuria, urinary incontinence, and the like. 

Also, there has been disclosed that a medicine which opens 
a BK channel can be an agent for treatment of sexual 
function disorder such as erectile dysfunction, etc. as 
10 disclosed in International Publication WO00/34244. 

There have been various reports on a large conductance 
calcium-activated potassium channel opener. For example, 
pyrrole derivatives have been disclosed in International 

15 Publications WO96/40634, a furan derivative has been 

disclosed in Japanese Provisional Patent Publication No. 
2000-351773, a nitrogen-containing 5-membered derivative in 
which the nitrogen is substituted by phenyl or benzyl has 
been disclosed in International Publication WO98/04135 and 

20 a diphenyltriazole derivative has been disclosed in Journal 
of Medicinal Chemistry, vol. 45, pp . 2 942-2952 , 2002. 



Also, cyclooxygenase-2 inhibitors such as celecoxib, 
valdecoxib, etc. have been used as a medicine for inflam- 
25 matory diseases such as rheumatoid arthritis as disclosed 
in Japanese PCT provisional publications No. 9-506350 and 
No. .9-500372. However, there is no report of these 
compounds for use as a large conductance calcium-activated. 
K channel opener. 



30 



SUMMARY OF THE INVENTION 



An object of the present invention is to provide an excel- 
lent large conductance calcium-activated K channel opener, 
35 which is useful for treatment of disorders or diseases such 
as pollakiuria, urinary incontinence, cerebral infarction, 
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subarachnoid hemorrhage, and the like. 

The present inventors have studied intensively to solve the 
problems, and as a result, they have found that a certain 
5 kind of compounds which have been known as a cyclooxygen- 
ase-2 inhibitor have an excellent large conductance 
calcium-activated K channel opening activity, whereby they 
have accomplished the present invention. 

10 That is, the present invention is as mentioned below: 

(1) A large conductance calcium-activated K channel opener 
comprising a compound of the formula (I) : 




sulfonyl or an alkanoylaminosulf onyl ; R 2 is hydrogen 
or a halogen; R 3 and R 4 may be the same or different 
from each other and each is hydrogen, a halogen, an 
alkyl or an alkoxy; Ring A is benzene, pyridine or a 
cycloalkane, and Ring Q is 
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-R c 



R° 



NT 



or 



10 



where R is a halogen, an alkyl or a haloalkyl; R 6 is 
hydrogen or an alkyl; or R 5 and R 6 may be combined to 
each other to form oxo; R 7 and R 8 are hydrogen or may 
be combined to each other to form oxo; and R 9 is a 
carboxyalkyl, 

or Ring Q and Ring A may be combined to each other 
to form a fused ring of the formula: 




where X is sulfur or oxygen, and R 3 , R 4 and R 5 have 

the same meanings as defined above, 
or a pharmaceutically acceptable salt thereof as an active 
ingredient . 



15 



(2) The large conductance calcium-activated K channel 
opener as mentioned in the above (1) , wherein the opener 
contains a compound of the formula (II): 



R 1a -SO z 



20 




(II) 



wherein R la is amino, an alkyl or an alkanoylamino; 
R 2 is hydrogen or a halogen; R 3 and R 4 may be the 
same or different from each other and each is hydro- 
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gen, a halogen, an alkyl or an alkoxy; Ring A' is 
benzene or a cycloalkane, and Ring Q' is 




where R 5 is a halogen, an alkyl or a haloalkyl; R 6 is 
5 hydrogen or an alkyl; or R 5 and R 6 may be combined to 

each other to form oxo, 
or a pharmaceutically acceptable salt thereof as an active 
ingredient . 

10 (3) The large conductance calcium-activated K channel 

opener as mentioned in the above (1) , wherein the opener 
contains at least one compound selected from the group 
consisting of the compounds (1) to (46) mentioned below, or 
a pharmaceutically acceptable salt thereof as an active 

15 ingredient. 

(4) The large conductance calcium-activated K channel 
opener as mentioned in the above (1) , wherein the opener 
contains at least one compound selected from the group 

20 consisting of the compounds (1) to (3), (10), (21) to (23), 
(36), (37) and (43) to (45) mentioned below, or a pharma- 
ceutically acceptable salt thereof as an active ingredient. 

(5) A large conductance calcium-activated K cannel opener 
25 according to any one of the above-mentioned (1) to (4), 

wherein the opener is an agent for the prophylaxis or 
treatment of pollakiuria or urinary incontinence. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The active ingredient compounds of the present invention 
have common structural characteristic feature in which they 
5 have 4- to 6-membered ring to which two 6-membered rings 
are substituted at the adjacent portions thereof. Accord- 
ing to this structural characteristic feature, these 
compounds have an excellent large conductance calcium- 
activated K channel opening activity. 

10 

In the following, respective groups represented by the 
respective symbols in the specification are explained. 

The halogen of R 1 , R 2 , R 3 and R 5 means fluorine, chlorine, 
15 bromine and iodine, and fluorine and chlorine are 
preferred. 

The alkylsulf onyl of R 1 is exemplified by an alkylsulf onyl 
having 1 to 4 carbon atoms, specifically methylsulf onyl, 
20 ethylsulf onyl, etc., and preferably methylsulf onyl . 

The alkanoylaminosulf onyl of R 1 is exemplified by an 
alkanoylaminosulf onyl having 2 to 4 carbon atoms, specific- 
ally acetylaminosulf onyl, propionylaminosulf onyl , etc. The 
25 alkanoylamino portion may form a salt with an alkali metal 
(such as sodium) . 

The alkyl of R 3 , R 4 , R 5 , R 6 and R la is exemplified by an 
alkyl having 1 to 4 carbon atoms, specifically methyl, 
30 ethyl, etc., and preferably methyl. 

The alkoxy of R 3 and R 4 is exemplified by an alkoxy having 
1 to 4 carbon atoms, specifically methoxy, ethoxy, etc., 
and preferably methoxy. 

35 

The cycloalkane of Ring A and Ring A' is exemplified by a 
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cycloalkane having 3 to 7 carbon atoms, specifically cyclo- 
pentane, cyclohexane, etc., and preferably cyclohexane. 

The haloalkyl of R 5 is exemplified by a haloalkyl having 1 
5 to 4 carbon atoms, specifically chloromethyl , trifluoro- 
methyl, etc. 

The carboxyalkyl of R 9 is exemplified by a carboxyalkyl 
having 1 to 4 carbon atoms, specifically carboxymethyl . 

The alkanoylamino of R la is exemplified by an alkanoylamino 

having 2 to 4 carbon atoms, specifically acetylamino, 

propionylamino, etc. Moreover, the alkanoylamino portion 

may form a salt with an alkali metal (such as sodium) . 

Examples of pharmaceutically acceptable salts of the com- 
pound as an active ingredient may include a salt with an 
inorganic base such as sodium salt, potassium salt, etc., 
and a salt with an inorganic acid such as hydrochloride, 
sulfate, etc. 

The compounds (1) to (18) which are active ingredients of 
the present invention have the chemical structure as shown 
in the following Table 1. 
25 
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Table 1 




R 4 



Com- 
pound 
No . 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


(1) 


4-SO2NH2 


T 7 

H 


4 -CH3 


TJ 


! / 3 


4_1 /™N * T 1 

rfienyi 


(2) 


4-SO2CH3 


H 


H 


H 




Phenyl 


(3) 


4-SO2NH2 


H 


H 


H 


CH 3 


Phenyl 


(4) 


4-SO2N (Na) COEt 


H 


H 


H 


CH 3 


Phenyl 


(5) 


4-S0 2 NH 2 


3-F 


H 


H 


jf />-CH 3 


Cyclo- 
hexyl 


(6) 


4-S0 2 NH 2 


H 


4-OCH3 


3-F 


CI 


Phenyl 


(7) 


4-SO2CH3 


H 


3-F 


5-F 




Phenyl 


(8) 


4-SO2CH3 


H 


4-F 


H 




Phenyl 


(9) 


4-SO2NH2 


H 


4 -CI 


H 


X=)~~ CF3 


Phenyl 


(10) 


4-SO2NH2 


H 


H 


H 


YV-CH3 


Phenyl 


(ID 


4-SO2NH2 


H 


H 


H 


I V\> 


Phenyl 



5 
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Table 1 (contd.) 



R 1 




R 4 



Com- 
pound 
No. 


R 


K 


p 3 
K 


R 4 
K 


Ring Q 


Ring A 


(12) 


4-S0 2 CH 3 


H 


4-F 


H 


Vv CH 3 


Phenyl 


(13) 


4-S0 2 NH 2 


H 


4-OCH3 


H 




Phenyl 


(14) 


4-S0 2 CH 3 


H 


4-CH3 


H 




3- 
Pyridyl 


(15) 


4-SO2CH3 


H 


H 


H 


CH3 
)=t CH3 


Phenyl 


(16) 


! 4-SO2CH3 


H 


H 


H 


Y>^N 
/^N 1 
N 


Phenyl 


(17) 


1 4-S0 2 NH 2 


H 


4-OCH3 


5-F 




(18) 


4-Cl 


H 


H 


H 


^-COOH 


Phenyl 



The compounds (1) to (18) can be prepared according to the 
preparation methods disclosed in the following 
publications . 

(1) International Publication W095/15318 pamphlet (Japanese 
10 PCT Provisional Patent Publication No. 9-506350), 

(2) International Publication WO95/00501 pamphlet (Japanese 
PCT Provisional Patent Publication No. 9-500372) , 

(3) International Publication W097/38986 pamphlet (Japanese 
PCT Provisional Patent Publication No. 2000-509029), 
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(4) International Publication WO96/25405 pamphlet (Japanese 
PCT Provisional Patent Publication No. 11-503722) , 

(5) International Publication W096/19463 pamphlet (Japanese 
Provisional Patent Publication No. 9-52882), 

5 (6) International Publication WO00/23426 pamphlet (Japanese 
PCT Provisional Patent Publication No. 2002-527508), 

(7) European Patent 863134 A (Japanese Provisional Patent 
Publication No. 10-251220), 

(8) International Publication W095/11883 pamphlet (Japanese 
10 PCT Provisional Patent Publication No. 9-504288), 

(9) International Publication W095/15316 pamphlet (Japanese 
PCT Provisional Patent Publication No. 9-506350), 

(10) International Publication W097/29776 pamphlet (Japan- 
ese PCT Provisional Patent Publication No. 2000-504723), 

15 (11) International Publication WO99/14205 pamphlet (Japan- 
ese PCT Provisional Patent Publication No. 2001-516750), 

(12) International Publication WO95/30656 pamphlet, 

(13) European Patent 799823 A (Japanese Provisional Patent 
Publication No. 9-323971), 

20 (14) International Publication WO98/03484 pamphlet (Japan- 
ese PCT Provisional Patent Publication No. 11-514008), 

(15) International Publication W097/36863 pamphlet (Japan- 
ese PCT Provisional Patent Publication No. 2000-510444), 

(16) International Publication WO96/09304 pamphlet, 

25 (17) International Publication W096/41626 pamphlet (Japan- 
ese PCT Provisional Patent Publication No. 11-507670), 
(18) Japanese Provisional Patent Publication No. 3-141261. 

Also, the compounds of the formulae (I) and (II) can be 
30 prepared according to the preparation methods disclosed in 
the above-mentioned publications. For example, the 
following compounds (19) to (46) shown in Table 2 were 
prepared . 
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Table 2 
R 1 

R 2 
R 3 



R 4 



Com- 
pound 
No. 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


Physical 
properties 


(19) 


4-S0 2 NH 2 


H 


4-Cl 


H 




Phenyl 


MS-APCI 
(m/z) : 
402 (M+H) + 


(20) 


4- 

SO2NHCOCH3 


H 


4-CH3 


H 




Phenyl 


MS-APCI 
(m/z) : 
424 (M+H) + 


(21) 


4-SO2NH2 


H 


4-CH3 


H 




Phenyl 


MS-APCI 
(m/ z ) : 
362/364 (M 
+H) + 


(22) 


4-S0 2 NH 2 


H 


4-CH 3 


H 




Phenyl 


MS-APCI 
(m/z) : 
328 (M+H) + 


(23) 


4-S0 2 NH 2 


H 


2-CH3 


H 




Phenyl 


MS-APCI 
(m/z) : 
382 (M+H) + 


(24) 


4-S0 2 NH 2 


H 


3-CH3 


H 




Phenyl 


MS-APCI 
(m/z) : 
382 (M+H) + 


(25) 


4-S0 2 NH 2 


H 


2-Cl 


H 


^CF 3 


Phenyl 


MS-APCI 
(m/z) : 
402/404 (M 
+H) + 


(26) 


4-S0 2 NH 2 


H 


3-Cl 


H 


>J- CF3 


Phenyl 


MS -APCI 
(m/z) : 
402/404 (M 
+H) + 


(27) 


4-SO2NH2 


H 


4-CH3 


H 




Phenyl 


MS-APCI 
(m/z) : 
356 (M+H) + 
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Table 2 (Contd.) 
R 1 



R 2_P |l 

2 l Q 

r 3 — Ka)! 

4/^/6 
/ 5 

R 4 



Com- 
pound 
No. 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


Physical 
properties 


(28) 


4-S0 2 NH 2 


H 


4-CH3 


H 




''Va 

aas ' CH 3 


Phenyl 


MS-APCI 
(m/z) : 
342 (M+H) + 


(29) 


4-SO2NH2 


H 


4-CH3 


H 


>*/ X CH 3 


Phenyl 


MS-APCI 
(m/z) : 
356 (M+H) + 


(30) 


4-S0 2 NH 2 


H 


H 


H 




Phenyl 


MS-APCI 
(m/z) : 
368 (M+H) + 


(31) 


4-S0 2 NH 2 


H 


2- 


H 




5^CF 3 


Phenyl 


MS-APCI 
(m/z) : 
398 (M+H) + 


(32) 


4-SO2NH2 


H 


3- 

OCH3 


H 


\ 




Phenyl 


MS-APCI 
(m/z) : 
398 (M+H) + 


(33) 


4-SO2NH2 


H 


4- 

OCH3 


H 


>>- CF3 


Phenyl 


MS-APCI 
(m/z) : 
398 (M+H) + 


(34) 


4-SO2NH2 


H 


3-F 


H 




Phenyl 


MS-APCI 
(m/z) : 
386 (M+H) + 


(35) 


4-SO2NH2 


H 


4-F 


H 




Phenyl 


MS-APCI 
(m/z) : 
386 (M+H) + 


(36) 


4-SO2NH2 


H 


2-F 


H 




5Ur cF3 


Phenyl 


MS-APCI 
(m/z) : 
386 (M+H) + 


(37) 


4-S0 2 NH 2 


O — 

OCH3 


/1 

OCH3. 


H 




Phenyl 


MS-APCI 
(m/z) : 
428 (M+H) + 
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Table 2 (Contd.) 
R 1 

R 2 
R 3 



R 4 



Com- 
pound 

No 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


Physical 
properties 


(38) 


4-S0 2 CH 3 


H 


4-CH3 


H 




Phenyl 


MS-APCI 
(m/z) : 
0 0 x v J. 1 ' n / 


(39) 


4-F 


H 


4-CH3 


H 




Phenyl 


MS-APCI 
(m/z) : 
j-c 1 v 1 J. • n. ) 


(40) 


3-Cl 


H 


4-CH3 


H 


^CF 3 


Phenyl 


MS-APCI 
(m/z) : 
337/339 (M 

Tn / 


(41) 


2-Cl 


H 


4-CH3 


H 




Phenyl 


MS-APCI 
(m/z) : 
337/339 (M 
+H) + 


(42) 


4 -CI 


H 


4-CH3 


H 


J^-CF 3 


Phenyl 


MS-APCI 
(m/z) : 
337/339 (M 
+H) + 


(43) 


4-SO2NH2 


H 


4-CH3 


3- 

CH 3 


J^-CF 3 


Phenyl 


MS-APCI 
(m/z) : 
396 (M+H) + 


(44) 


4-S0 2 NH 2 


H 


H 


H 




3- 
Pyridyl 


MS-APCI 
(m/z) : 
369 (M+H) + 


(45) 


4-SO2NH2 


H 


4-Br 


H 


CH 3 


Phenyl 


MS-APCI 
(m/z) : 
393/395 (M 
+H) + 


(46) 


4-SO2CH3 


H 


H 


H 


CH 3 


Phenyl 


MS-APCI 
(m/z) : 
314 (M+H) + 




The active ingredient compounds of the present invention or 
pharmaceutically acceptable salts thereof can be admini- 
stered orally or parenterally with a pharmaceutically 
acceptable carrier or diluent and used as common pharmaceu- 
tical preparations such as tablets, granules, capsules, 
powders, injection and inhalants. 

As a pharmaceutically acceptable carrier for a preparation 
of oral administration, there may be mentioned a material 
commonly used, for example, a binder (such as syrup, Gum 
Arabic, gelatin, sorbit, tragacanth and polyvinyl pyrroli- 
done) , an excipient (such as lactose, sugar, corn starch, 
potassium phosphate, sorbit and glycine) , a lubricant (such 
as magnesium stearate, talc, polyethylene glycol and 
silica) , a disintegrator (such as potato starch) and a 
humectant (such as anhydrous lauryl sodium sulfate) . 

On the other hand, when the active ingredient compounds of 
the. present invention are administered parenterally, it may 
be formulated into the form of an injection or a drip 
infusion by using distilled water for injection, physiolo- 
gical saline, an aqueous glucose solution and the like, or 
a suppository. 

A dose of the active ingredient compounds of the present 
invention or pharmaceutically acceptable salts thereof may 
vary depending on an administration method, an age, weight 
or conditions of a patient, or a kind or degree of disease, 
and is generally about 0.01 to 50 mg/kg per day, more 
preferably about 0.1 to 30 mg/kg per day. 

The active ingredient compounds of the present invention or 
pharmaceutically acceptable salts thereof have an excellent 
large conductance calcium-activated K channel opening 

of cells, so that it may be used for the prophylactic, 
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relief and/or treatment of, for example, hypertension, 
premature birth, irritable bowel syndrome, chronic heart 
failure, angina, cardiac infarction, cerebral infarction, 
subarachnoid hemorrhage, cerebral vasospasm, cerebral 
5 hypoxia, peripheral blood vessel disorder, anxiety, male- 
pattern baldness, erectile dysfunction, diabetes, diabetic 
peripheral nerve disorder, other diabetic complication, 
sterility, urolithiasis and pain accompanied thereby, 
pollakiuria, urinary incontinence, nocturnal enuresis, 
10 asthma, chronic obstructive pulmonary disease (COPD) , cough 
accompanied by asthma or chronic obstructive pulmonary 
disease (COPD) , cerebral apoplexy, cerebral ischemia, 
traumatic encephalopathy, and the like. 

15 BEST MODE OF EMBODIMENT OF THE INVENTION 

In the following, the large conductance calcium-activated K 
channel opener of the present invention is explained in 
more detail by referring to Experimental examples, but the 
20 present invention is not limited by these. 

Experimental example 1 

Relaxation effect on potassium-induced contraction of 
25 isolated rabbit urinary bladder 

Urinary bladder was isolated from rabbits (weight: 2.0 to 
3.5 kg) and immediately immersed in ice-cold Krebs- 
bicarbonate solution (in mM: 118 NaCl, 4.7 KC1, 2.55 CaCl 2 , 
30 1.18 MgS0 4 , 1.18 KH 2 P0 4 , 24.88 NaHC0 3 , and 11.1 glucose) to 
remove peripheral binding tissues. The urinary bladder was 
cut into longitudinal strips (about 5 mm length, 3 to 4 mm 
width) after mucosal layer was removed. 

35 Preparations were mounted in organ baths containing Krebs 
solution maintained at 37°C and gassed with 95% 0 2 /5% C0 2 . 
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Accordingly, preparations were stretched with an initial 
tension of 2.0 g, and changes in isometric tension were 
measured by force-displacement transducer. The prepara- 
tions were pre-contracted by changing organ-bath solution 
5 into high-K + (30 mM) Krebs solution. 

After stable tension was obtained, compounds were added 
into organ baths cumulatively (10" 8 M-10" 4 M) . The effects 
of compounds were expressed as a percentage of the maximum 
10 relaxation produced by 0 . 1 mM papaverine. 50% relaxation 
concentration (IC 5 o) was calculated and IC 50 value (pM) of 
the compounds of the present invention was shown in the 
following Table 3. 

15 Table 3 



Compound to be 
tested 


IC 50 (pM) 


Compound (1) 


9.24 


Compound (3) 


1 . 53 


Compound (2 3) 


0.11 



Experimental example 2 

20 Inhibitory effect on the rhythmic bladder contractions 
induced by substance P in anesthetized rats 

For the experiments, Sprague-Dawley female rats (9 to 12 
weeks old) weighing between 200 to 300 g were used. After 

25 urethane anesthetization (subcutaneously administered with 
a dose of 1.2 g/kg) , cannulae were placed in both right and 
left femoral veins. One intravenous catheter was used for 
administration of compounds, and the other was for the 
substance P (0.33 pg/kg/min) infusion. We also cannulated 

30 into ureter to pass urine. Polyethylene catheters were 

inserted into carotid artery for continuous monitoring of 



arterial blood pressure and heart rate. For continuous 
infusion, transurethral bladder catheter was inserted into 
the bladder through the urethra and tied in place by a 
ligature around the urethral orifice. One end of the 
catheter was attached to a pressure transducer in order to 
measure intravesical pressure. The other end of the 
catheter was used for infusion of saline into the bladder. 
After stabilization of blood pressure and heart rate and 
after the bladder was emptied, cystometry was performed by 
filling the bladder slowly with about 0.6 ml of saline. 
After about 10 minutes, intravenous infusion of substance P 
(0.33 yig/kg/min) was started for stabilization of the 
micturition reflex. Compounds were administered after 
stable rhythmic bladder contraction was obtained over 15 
minutes. All compounds were dissolved or suspended in 
saline containing 0.5% Tween 80 for intravenous administra- 
tion (0.1 ml/kg). The rhythmic contraction frequency and 
the intravesical pressure were observed for 35 minutes 
after administration of the test compound. 

As a result, the compounds of the present invention 
decreased the frequency of bladder rhythmic contraction 
without changing the amplitude of contraction. Also, we 
determined a time (minute) during which the frequency of 
the rhythmic contraction had been completely inhibited by 
administering 0.25 mg/kg of the compound. A 100% inhibi- 
tion time (minute) of the selected compounds of the present 
invention is shown in the following Table 4. 

Table 4 



Compound to be 
tested 


Time (min) 


Compound (1) 


11 


Compound (3) 


16.7 


Compound (23) 


8 
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Also, it was shown that an inhibitory activity of causing 
the bladder rhythmic contraction had been weakened by pre- 
administration of iberiotoxin (0.15 mg/kg, intravenous 
administration) which is a specific inhibitor for a large 
5 conductance calcium-activated K channel opener. Accord- 
ingly, it has been shown that the active ingredient of the 
present invention is effective for a prophylaxis or treat- 
ment agent for pollakiuria or urinary incontinence through 
a large conductance calcium-activated K channel opening 
10 activity. 

Of the compounds shown by the formulae (I) and (II) , other 
preferred compounds may be mentioned in the following Table 
5 . 

15 Table 5 



R 1 




R 4 



Com- 
pound 
No. 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


(47) 


4-SO2CH3 


H 


4-F 


H 




Phenyl 


(48) 


4-SO2CH3 


H 


4-F 


3-F 




Phenyl 


(49) 


4-S0 2 CH 3 


H 


4-Cl 


H 




Phenyl 


(50) 


4-S0 2 CH 3 


H 


4-OCH3 


H 




Phenyl 


(51) 


4-SO2CH3 


H 


2-F 


H 




Phenyl 
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Table 5 (Contd. ) 



R 1 




R 4 



Com- 
pound 
No. 


T">1 

R 


R 


R 


R 


Ring Q 


Ring A 


(52) 


4-S0 2 NH 2 


H 


4 -CI 


3-Cl 




Phenyl 


(53) 


4-SO2NH2 


H 


4-F 


3-F 


0 


Phenyl 


\ OH ) 




u 
n 


4- 

OCH3 






Phenyl 


(55) 


4-SO2NH2 


H 


4-F 


H 




Phenyl 


(56) 


4-so 2 nh 2 


H 


4-Cl 


H 


0 


Phenyl 


(57) 


4-so 2 nh-ac 


H 


H 


H 


V 0 >-CH3 


Phenyl 


(58) 


4-SO2CH3 


H 


H 


H 


T >" CH 3 


Cyclo- 
hexyl 


1 (59) 


4-SO2NH2 


H 


H 


H 




Cyclo- 
hexyl 


(60) 


4-SO2NH-CH3 


H 


H 


H 


> Y c V-ch3 


Cyclo- 
hexyl 


(61) 


4-S0 2 NH 2 


3-F 


H 


H 


> VV-CH3 


! Cyclo- 
1 hexyl 


(62) 


4-SO2CH3 


3-F 


H 


H 




Cyclo- 
hexyl 


(63) 


4-SO2CH3 


H 


4-F 


H 




Phenyl 


(64) 


4-SO2NH2 


H 


H 


H 


N Y°>-CH3 


Phenyl 


/ a r \ 


A -cn.H«. 


u 


H 


H 


x If c V-ci 


Ph^nwl ! 
- — j — | 
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Table 5 (Contd.) 



R 1 




R 4 



Com- 
pound 
No. 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


(66) 


4-S0 2 NH 2 


H 


H 


H 




Phenyl 


(67) 


4-SO2NH2 


3-CH3 


H 


H 


T '>- CF 3 


Phenyl 


(68) 


A (~* /~\ XT T T 

4 -SO2NH2 


H 


TJ 

n 


TT 

ri 




p V-\ Ci. r\ \t 1 


(69) 


4-SO2CH3 


H 


4-CH3 


H 




Phenyl 


(70) 


4-SO2NH2 


H 


3-F 


H 


AO*, 


Phenyl 


(71) 


4-SO2CH3 


H 


4-F 


H 


CH 3 


Phenyl 


(72) 


4-SO2CH3 


H 


4-F 


H 


CI 


Phenyl 


(73) 


4-SO2NH2 


H 


4-F 


H 


>> 
CI 


Phenyl 


(74) 


4-SO2NH2 


H 


4-CH3 


H 


CI 


Phenyl 


(75) 


4-SO2NH2 


H 


4 -CI 


H 


CI 


3- 
Pyridyl 


(76) 


4-SO2CH3 


H 


4-Et 


H 




Phenyl 


(77) 


4-SO2NH2 


H 


3-CH3 


H 




Phenyl 


(78) 


4-SO2NH2 


H 


4-CH3 


H 


0 


Phenyl 
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Table 5 (Contd.) 



R 1 




R 4 



Com- 
pound 
No. 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


(79) 


4-S0 2 NH 2 


H 


4-OCH 3 


H 


0 


Phenyl 


(80) 


4-SO2NH2 


H 


4-CH3 


3-F 


/ N -t( 

1) 


Phenyl 


(81) 


4 — bvJ2Nhl2 


rl 




J — r 




Phenyl 


(82) 


4-SO2CH3 


H 


H 


H 




Phenyl 


(83) 


4-SO2CH3 


H 


4-F 


H 




Phenyl 


(84) 


4-SO2CH3 


H 


H 


H 


YV CF ' 


3- 

Pyridyl 


(85) 


4-SO2CH3 


H 


4-F 


H 




3- 
Pyridyl 


(86) 


4-SO2CH3 


H 


3-Cl 


H 




3- 
Pyridyl 


(87) 


4-SO2CH3 


H 


4-OCH3 


H 




Phenyl 


.(88) 


4-SO2CH3 


H 


H 


H 




Phenyl 


(89) 


4-SO2CH3 


H 


4-Cl 


H 


x^ CH ' 


Phenyl 


(90) 


4-SO2CH3 


H 


H 


H 


X7 C ' 


Phenyl 


(91) 


4-SO2CH3 


H 


H 


H 


xf 


2- 
Pyridyl 


(92) 


4-SO2CH3 


H 


4-OCH3 


H 




3- 
Pyridyl 



- 22 - 



Table 5 (Contd.) 




R 4 



Com- 

nnn n H 

ir 

No. 


R 1 


R 2 


R 3 


R 4 


Pi nrr Q 
x\. _i_ \ M / 


X\-L ULj Xi. 


(93) j 


4-S0 2 CH 3 


H 


H 


H 




Phenyl 


(94) 


4-SO2NH2 


H 


H 


H 


VV CF3 


Phenyl 


(95) 


4-S0 2 NH 2 


H 


4-F 


H 




Phenyl 


(96) 


4-S0 2 NH 2 


H 


4-F 


H 




3-Pyridyl 


(97) 


4-SO2NH2 


H 


4-Cl 


H 


XT' 


Phenyl 


(98) 


4-SO2NH2 


H 


H 


H 




3-Pyridyl 


(99) 


4-S0 2 NH 2 


H 


4-CH3 


6-CH3 


XT 


3-Pyridyl 


(100) 


4-SO2CH3 


H 


4-F 


H 




Phenyl 


(101) 


4-S0 2 NH 2 


H 


4-F 


H 




Phenyl 


(102) 


4-SO2CH3 


H 


4-Cl 


H 




Phenyl 


(103) 


4-SO2NH2 


H 


4-Cl 


H 




Phenyl 


(104) 


4-SO2CH3 


H 


4-F 


H 




Phenyl 


(105) 


4-SO2NH2 


H 


4-F 


H 


X>- ch 3 


Phenyl 


(106) 


4-S0 2 CH 3 


H 


4-Cl 


H 




Phenyl 


(107) 


4-SO2NH2 


H 


4-Cl 


H 


JO- CH * 


Phenyl 
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Table 5 (Contd.) 



R 1 




R 4 



Com- 
pound 

No 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


(108) 


4-S0 2 NH 2 


H 


4-F 


H 




Phenyl 


(109) 


4-SO2NH2 


H 


4-F 


H 




Phenyl 


(110) 


4-SO2CH3 


H 


H 


H 




Phenyl 


(111) 


4-SO2CH3 


H 


4-F 


H 




Phenyl 


(112) 


4-SO2CH3 


H 


4-OCH3 


H 




Phenyl | 


(113) 


4-SO2CH3 


H 


4-CH3 


H 


v. 


Phenyl 


(114) 

V J. J- T / 


4-SO7NH7 


H 


H 


H 


YVcH, 


Phenyl 


(115) 


4-SO2NH2 


H 


4-F 


H 


)>CH, 


Phenyl 


(116) 


4-SO2NH2 


H 


4-OCH3 


H 




Phenyl 


(117) 


4-so 2 nh 2 


H 


4-CH3 


H 




Phenyl 


(118) 


4-SO2NH2 


H 


4-F 


3~F 




Phenyl 


(119) 


4-SO2NH2 


H 


4 -CI 


H 




Phenyl 


(120) 


4-SO2NH2 


H 


4-CH3 


3-CH3 




Phenyl 


(121) 


4-SO2NH2 


H 


j 4-F 


H 




Phenyl 




/I /~\ "KT T T 


T 7 

n 


A n 1 
1 — JL 


11 




J- ncxi y -L- 
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Table 5 (Contd.) 



R 1 




R 4 



Com- 
pound 
No . 


R 1 


R 2 


R 3 


R 4 


Ring Q 


Ring A 


(123) 


4-S0 2 NH 2 


H 


H 


H 


O 


Phenyl 


(124) 


4-SO2CH3 


H 


4-F 


H 


O 


Phenyl 


(125) 


4-S0 2 CH 3 


H 


4 -CI 


H 


O 


Phenyl 



INDUSTRIAL APPLICABILITY 

5 

The active ingredient compounds of the present invention or 
pharmaceutically acceptable salts thereof have an excellent 
large conductance calcium-activated K channel opening 
activity, so that it is used for the prophylactic, relief 

10 and/or treatment of hypertension, premature birth, irrit- 
able bowel syndrome, chronic heart failure, angina, cardiac 
infarction, cerebral infarction, subarachnoid hemorrhage, 
cerebral vasospasm, cerebral hypoxia, peripheral blood 
vessel disorder, anxiety, male-pattern baldness, erectile 

15 dysfunction, diabetes, diabetic peripheral nerve disorder, 
other diabetic complication, sterility, urolithiasis and 
pain accompanied thereby, pollakiuria, urinary inconti- 
nence, nocturnal enuresis, asthma, chronic obstructive 
pulmonary disease (COPD) , cough accompanied by asthma or 

20 chronic obstructive pulmonary disease (COPD) , cerebral 

apoplexy, cerebral ischemia, traumatic encephalopathy, and 
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the like. Also, the active ingredient compounds of the 
present invention or pharmaceutically acceptable salts 
thereof have a low toxicity, so that it has high safety as 
a medicine. 



